CTP and analysis by sucrosedensity-gradient centrifugation showed no labelling of the ribosomal RNA. Radioactive material appeared between the 4s region and the meniscus of the sucrose gradient. In agreement with this observation, determinations of the chain length of the product showed that only short sequences of polynucleotides were synthesized. It is concluded that only homopolyribonucleotide synthesis is catalysed by the microsomal fractions and that there is little or no synthesis of RNA-like heteropolymers.
1. The possibility that the cell cytoplasm contains enzymes catalysing the biosynthesis of RNA was investigated in fractions obtained by differential centrifugation of homogenates of Landschutz ascites-tumour cells. 2. The microsomal fraction was shown to be most active in incorporating UMP residues from [ac-32P]UTP into polyribonucleotide material. 3. The same fraction also incorporated [3H]CTP, [SH] ATP and [3H]GTP separately and independently of the presence of complementary ribonucleoside 5'-triphosphates. 4. The reaction was promoted by the addition of RNA and showed an absolute requirement for Mg2+ ions. 5. Analysis of alkaline hydrolysates of the reaction products after the incorporation of [a-32P] UTP showed that most of the radioactivity was recovered in (2',3')t-UMP residues irrespective of whether CTP, ATP and GTP were present in the reaction mixture. 6. Extraction of RNA from the reaction mixtures after the incorporation of [3H]ATP, [SH] GTP or [3H] CTP and analysis by sucrosedensity-gradient centrifugation showed no labelling of the ribosomal RNA. Radioactive material appeared between the 4s region and the meniscus of the sucrose gradient. In agreement with this observation, determinations of the chain length of the product showed that only short sequences of polynucleotides were synthesized. It is concluded that only homopolyribonucleotide synthesis is catalysed by the microsomal fractions and that there is little or no synthesis of RNA-like heteropolymers.
Evidence from studies of the kinetics of incorporation of labelled nucleosides into RNA, the effect of actinomycin D on such incorporation (Perry, Hell & Errera, 1961; Perry, 1962;  Scherrer, Latham & Damell, 1963) and the ability of the major cellular RNA components to form hybrids with homologous DNA (Yanofsky & Spiegelman, 1962 Goodman & Rich, 1962) indicate that virtually all synthesis of RNA is carried out on a DNA template. Further, DNA-primed RNA- polymerase activity has been detected in association with chromatin material (Huang & Bonner, 1962) and a similar enzyme has been demonstrated in several animal tissues (Weiss, 1960; Eason & Smellie, 1965) . Nevertheless, several systems of cytoplasmic origin are known which incorporate ribonucleotides into polyribonucleotides. Straus & Goldwasser (1961) detected incorporation of UMP residues into a microsomal fraction from pigeon liver. Cytoplasmic extracts from Landschutz ascites-tumour cells have also been found to incorporate UMP residues into polyribonucleotide material (Burdon & Smellie, 1961 . A similar system that incorporates UMP residues into polyuridylate and AMP residues into polyadenylate has been partially purified from rat liver (Klemperer, 1963a,b) .
The present paper is concemed with the further investigation and characterization of the system described by Burdon & Smellie (1961 [cz-32P] UTP, the washed sediment was finally dissolved in 1 ml. of concentrated formic acid, transferred to stainless-steel planchets and dried under infrared lamps.
3H was measured in a three-channel Nuclear-Chicago model 725 liquid-scintillation spectrometer with a scintillator consisting of Scinstant NE 572 (Nuclear Enterprises, Edinburgh) dissolved in dioxan. 32p was measured with a Nuclear-Chicago gas-flow counter fitted with a Micromil window.
Preparation of RNA. RNA from whole cell ascitestumour cells, for use as a primer in reaction mixtures, was prepared by the method of . Analysis by sucrose-density-gradient centrifugation showed the RNA to be of high molecular weight, containing the characteristic 30s, 18s and 4s peaks.
Extraction of RNA from reaction mixtures. RNA was extracted from reaction mixtures (containing a sufficient amount of microsomal material to give 1 mg. of RNA/assay tube) by the following procedure. A portion (0.5ml.) of 0-1m-sodium acetate buffer, pH5-2, 0-05ml. of 0-5% (w/v) sodium dodecyl sulphate and 0-05ml. of 0-1% (w/v) bentonite suspension were added to 0-5ml. of reaction mixtures. The reagents were mixed in a Vortex mixer and shaken with 0-7ml. of 90% (w/v) phenol for 10min. at room temperature. The resulting emulsion was broken by centrifugation at lOOOOg for 5min. and the aqueous layer was transferred to 15 ml. centrifuge tubes containing 50,kg. of bentonite. The interphase residue was re-extracted twice more by adding 0-7ml. of O-OlM-sodium acetate buffer, pH5-2, shaking for lOmin. and centrifuging at lOOOOg for 5min. The combined aqueous fractions were extracted with lml. of ether and RNA was precipitated with 2 vol. of ethanol containing 1% (w/v) of potassium acetate. After cooling at -15°for 30min. the precipitate was collected by the centrifugation at 600g for 30min. The sediment was washed twice by dissolving in 01 OMsodium acetate, 0-05M-NaCl and 0-5mM-MgCl2 adjusted to pH5-2 (solution B) and reprecipitating with ethanolpotassium acetate as before. After the initial precipitation, RNA from duplicate tubes was usually combined. The RNA was dissolved in 2ml. of solution B and dialysed against two changes of 71. of the same buffer for 18 hr. The dialysed solution was clarified by centrifugation at 600g for lOmin. and the RNA was reprecipitated from the supernatant as before. The final precipitate was dissolved in 0-4ml. of solution B and extracted twice with an equal volume of ether. The last traces of ether were removed by a stream of air. The solutions which contained 0-5-0-75mg. of RNA were analysed by sucrose-density-gradient centrifugation (Britten & Roberts, 1960) .
Nuclease determination. Nuclease activity was determined using the same reaction conditions as for nucleotide incorporation except that ribonucleoside 5'-triphosphates were omitted. When RNA was used as the substrate the reaction was stopped with 3-5 ml. of 1 N-HC104, the precipitate was removed by centrifuging at 600g for 10min. and the extinction of the supernatant fluid was measured at 260m/,. The amount of nucleotide rendered acid-soluble was calculated assuming Emax. 10 600. When p-nitrophenyl thymidine 5'-phosphate or p-nitrophenyl thymidine 3'-phosphate was used as substrate the reaction was stopped with 3-5ml. of 0-N-NaOH, any insoluble material was removed by centrifuging at 600g for 10min. and the extinction of the supernatant fluid was measured at 400 m,. fraction was centrifuged on sucrose-density gradients. Fig. 3a shows the distribution of extinction at 260m,u and 280m,u of a microsomal fraction sedimented on a sucrose-density gradient together with measurements of the ability to incorporate [3H]UTP. The peak of incorporation is displaced to the lighter side of the extinction peak. Attempts were made to dissociate the microsomal fraction by dialysis against 10mM-tris-hydrochloric acid buffer, pH8-0. The extinction profile obtained on sucrose-density-gradient centrifugation (Fig. 3b) shows some dissociation of the microsomes into lighter fractions although the incorporating activity still remains associated with particulate material. The properties of the reaction were further investigated with an acetone-dried powder prepared from the microsomal fraction. The acetonedried powder retained 80-90% of the activity of the microsomal fraction from which it was prepared and could be stored for up hydrolysis of the product after the incorporation of [(x-32P]UTP is shown in Table 2 . The 32p is recovered predominantly in 3'(2')-UMP residues and the distribution is not significantly altered if ATP, GTP and CTP are present in the reaction mixture. Such experiments suggest the formation of polyuridylate chains. The nature of the polyribonucleotide product was further investigated by extracting labelled RNA from the reaction mixtures and submitting it to analysis on sucrose-density gradients. The results of such an experiment are shown in Fig. 6 for This is presumably due to synthesis of the pCpCpA sequence by the terminal addition enzyme. The average chain lengths of the homopolyribonucleotide sequences synthesized were determined from the ratio of radioactivity present in ribonucleosides and ribonucleotides obtained on alkaline hydrolysis of the reaction products. Table 3 . Average chain length of homopolyribo-ditions used for the incorporation of ribonucleonucleotide8 formed by a micro8omal fraction from tides into acid-insoluble material except that riboLand8chutz a8cite8-tumour celUs nucleoside 5'-triphosphates were omitted. The
The standard reaction mixture and conditions (a*;
. time-course of release of acid-soluble nucleotides Fig. 1 Fig. 7 . It is clear that the activity of nucleases of 0-3N-KOH. Ribonucleosides were separated from ribo-in the microsomal fraction towards exogenous nucleotides by paper chromatography with water-propan-RNA exceeds the ability of the fraction to promote 2-ol-aq .NH3 soln., sp.gr. 0-88 (15:85: 1, by vol.) Fig. 1 incubation times. In all cases the chain length is less than eight ribonucleotide residues, polyadenylate being the shortest. These results also suggest that the reaction product is a relatively small polymer and are compatible with the analyses on sucrose-density gradients.
The results of the above experiments are likely to be complicated by the presence of nuclease activity in the microsomal fraction. Measurements of nuclease activity were carried out under the con-
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The results described above demonstrate that the microsomal fraction of Landschutz ascitestumour cells catalyses the independent incorporation into polyribonucleotides of AMP, GMP, CMP and UMP residues from the corresponding ribonucleoside 5'-triphosphates. The reaction is promoted by the addition of RNA and not DNA, is inhibited by ribonuclease but not by deoxyribonuclease or actinomycin D, requires Mg2+ rather than Mn2+ ions and is inhibited to some extent by the addition of the three complementary ribonucleoside 5'-triphosphates. It can therefore be distinguished sharply from DNA-primed RNA polymerases occurring in bacteria (Krakow & Ochoa, 1963; Nakamoto, Fox & Weiss, 1964; Stevens & Henry, 1964) , and in the chromatin fraction from plant and animal sources (Huang & Bonner, 1962; Ro & Busch, 1964; Eason & Smellie, 1965) . It has some features in common with the RNA-primed RNA polymerases found on viral infection of bacteria (Haruna, Nozu, Ohtaka & Spiegelman, 1963; Weissman, Borst, Burdon, Billeter & Ochoa, 1964) or animal cells Baltimore, Eggers, Franklin & Tamm, 1963; Eason & Smellie, 1965) . In contrast with the last-named enzymes, however, the microsomal system shows no stimulation of the incorporation of any one labelled ribonucleotide by the presence of the three complementary ribonucleotides. Moreover, the distribution of 32p amongst the ribonucleoside 2'(3')-monophosphates obtained on alkaline hydrolysis of the product after the incorporation of [a-32P]UTP is far from random and becomes no more random when the three complementary ribonucleotides are present in the reaction mixture.
Such experiments suggest that the products of the Bioch. 1966,99 reactions catalysed by the microsomal fraction are predominantly homopolymers. Sucrose-density-gradient analysis of RNA extracted from reaction mixtures shows that the endogenous ribosomal RNA does not become labelled and suggests that new polyribonucleotide chains are formed. The synthesis of independent homopolyribonucleotide chains would not account for the appearance of 32p in 3'(2')-CMP, 3'(2')-AMP or 3'(2')-GMP residues obtained on alkaline hydrolysis of RNA after [a-32P]UTP incorporation (see Table 2 ). Such labelling might be accounted for by (a) the addition of one or more labelled UMP residues to the 3'-hydroxyl end of some pre-existing RNA, or (b) by the formation in addition to polyuridylate chains of small amounts of an RNA-like heteropolymer containing all four ribonucleotides. This latter possibility seems unlikely in view of the lack of stimulation by the addition of ATP, GTP and CTP to the reaction mixtures (Table 1 ) and the observation ( Table 2 ) that, in the presence of the complementary ribonucleoside triphosphates, there is no increase in the relative amounts of radioactivity recovered in the 3'(2')-AMP, 3'(2')-GMP and 3'(2')-CMP residues. Furthermore, the extent of such a reaction would have to be very limited to account for the relatively small amounts of 32p recovered in the 3'(2')AMP, 3'(2')-GMP and 3'(2')-CMP residues.
The first possibility (a) seems more likely to be correct. However, no labelling of endogenous ribosomal RNA or added ribosomal primer is observed (Fig. 6b) and virtually all the labelled product sediments in the 4s region of the sucrosedensity gradient. It may be that the RNA which acts as a primer in this reaction is particularly susceptible to degradation by nucleases. If this were so it is surprising that there is relatively little ultraviolet-absorbing material in the region of the sucrose gradient (Fig. 6b ) coincident with the incorporated radioactivity since it is clear (Figs. 6a and 6b) that a substantial proportion of the ribosomal RNA has been destroyed during the incubation period. It may be that small oligonucleotides formed by the action of nucleases on endogenous and exogenous RNA serve as initiators for the synthesis of new homopolyribonucleotides. Klemperer (1964) has shown that short oligonucleotides are the most effective primers for the synthesis of polyadenylate by a partially purified enzyme from rat-liver cytoplasm.
The observations of short average chain length and small size of the products of the reaction described above (Table 3 ; Fig. 6 ) may be accounted for by virtue of nucleolytic degradation of the reaction product by endonucleases and exonucleases present in the microsomal fraction.
Other mammalian enzymes synthesizing homopolyribonucleotides in RNA-primed reactions occur in pigeon-liver microsomes (Straus & Goldwasser, 1961) , in a cytoplasmic fraction from rat liver (Klemperer, 1963a,b) , in calf-thymus nuclei Abrams, Edmonds & Biswas, 1962) and in the chlorioallantoic membranes of chick embryos (Venkataraman & Mahler, 1963) . Some of these enzymes have been partially purified and are specific for the incorporation of single ribonucleoside 5'-triphosphates into existing primer RNA chains. In these systems there is variable inhibition of the incorporation of specific ribonucleoside 5'-triphosphates by the presence of the complementary ribonucleoside 5'-triphosphates, but Mg2+ ions are usually required. There is little specificity for the primer RNA though the extent of incorporation often varies considerably with synthetic polyribonucleotides and RNA from different sources. This is in contrast with the specific requirement for transfer RNA by an enzyme purified from the cell sap and catalysing the formation of the pCpCpA terminal sequence of these molecules (Hecht, Zamecnik, Stephenson & Scott, 1958; Preiss, Dieckmann & Berg, 1961) .
The microsomal enzyme differs from enzymes of the above type in that four ribonucleoside 5'-triphosphates are independently incorporated into homopolyribonucleotides and the RNA requirement differentiates it from enzymes requiring DNA as a primer for the synthesis of homopolyribonucleotides (Chambon, Weill & Mandel, 1963; Burdon, 
